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Introduction
As described in the publication "Two-Frequency Excitation of a Ferromagnetic Microwire" (1), the remote sensing of ferroelectric microwires based on ferromagnetic resonance (FMR) has been proposed as a way to passively collect information from a novel type of "radio frequency identification (RFID) card" that can be attached to a target under surveillance (2) . Implementation of this proposal requires a careful study of the external scattering problem of electromagnetic (EM) waves from the microwire, which is the topic of this technical report. A detailed description of the physics of ferromagnetic microwires can be found in reference 1 and ARL-TR-6114 (3).
The Wire Problem
Assume that a ferroelectric microwire located at the coordinate origin and oriented vertical to the ground, i.e., along the "z-axis", is illuminated by two external magnetic fields, which we refer to as "signal" and "pump" fields, both of which are the magnetic components of linearly polarized EM beams. The "illumination" geometries correspond to radar applications: if both beams originate from the same antenna, we speak of a "monostatic" geometry, while for signals originating from different antennas the geometry is referred to as "bistatic." In this report, we discuss the monostatic scenario only, i.e., we assume that both beams originate from the same antenna and propagate horizontally and parallel to one another along, e.g., the x-axis. The geometry is shown in figure 1.      . For our case, we assume that the pump field at the antenna is linearly polarized along the z-axis, so that h0 px  , h0 py  , and h pp z  H c ,
where p H c is the total pump-field magnitude. In the same way, the (weak) signal field at the antenna is linearly polarized in the yz plane, with its electric field vector making an angle  with the z-axis, having components h0 
In order to estimate the power radiated by FMR excitation of the microwire, it is necessary first to describe the dynamics of its magnetization in the presence of an external time-dependent magnetic field. These dynamics are governed by the Landau-Lifshits-Gilbert (LLG) equation (4):
The material parameters of the wire include M st , the static magnetization of the material; γ, the gyromagnetic ratio; and α, the damping constant. 
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In the geometry we have chosen, these expressions become 
Let us write the second-order response in the following spectral form: G is a DC response arising from rectification of the pump and signal. We introduce the following convention: if A is a sum of multi-frequency terms, we denote the sum of all the terms in A at the same frequency q by
The response 2,2s G at the 2 nd harmonic frequency 2s is computed as follows: 
2,2s 2 
The DC response 2,0 
The sum-frequency response 2, p s 
The various numerators of these terms are evaluated according to our scenario: for the sumfrequency response 2, p s 
and for the difference-frequency response 2, p s 
For the z -component terms, we find     
which do not contain sum or difference contributions.
Nonlinear Response: Third Order
When the pump field polarization is linear and "vertical," the third-order equation reads
where 2
G is the second-order response 
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